We estimate the cosmic production rate of helium relative to metals (∆Y /∆Z) using K dwarf stars in the Hipparcos catalog with accurate spectroscopic metallicities. The best fitting value is ∆Y /∆Z = 2.1±0.4 at the 68% confidence level. Our derived value agrees with determinations from HII regions and with theoretical predictions from stellar yields with standard assumptions for the initial mass function. The amount of helium in stars determines how long they live and therefore how fast they will enrich the insterstellar medium with fresh material.
The amount of helium divided by the amount of heavier elements produced in stars (∆Y /∆Z), is of great interest to astrophysics and cosmology. The ratio governs the stellar clock and thus how long stars will live. Therefore, age determinations of both resolved and integrated stellar populations rely on knowing how helium concentration changes as a function of metallicity. Because ages of galaxies can help to determine the nature of dark energy (1) , an accurate determination of ∆Y /∆Z is needed. It also has an impact on the determination of primordial helium abundance by use of extra-galactic HII regions (2) . In addition to the above cosmological interest, it is also a test of theoretical predictions of stellar yields, because given an initial mass function for stars, ∆Y /∆Z is a predicted quantity of stellar evolution.
Helium lines can be observed only in stars with an effective temperature greater than 20, 000K; it is not possible to measure helium abundances directly in cooler stars which live more than 10 8 yr. There are two methods to determine observationally the value of ∆Y /∆Z (where Y and Z are the fractional abundances of helium and all metals hevier than helium, respectively). One is through the use of HII extra-galactic regions to measure helium's primordial abundance, which then is compared to that of the Sun to deduce ∆Y /∆Z. This is done by either extrapolation of correlations of Y − (O/H) with Y − (N/H) to O/H = N/H = 0 (e.g. (3, 4, 5) and references therein) or by measuring Y in ultra-low metallicity blue compact dwarf galaxies and assuming that no chemical evolution has taken place (e.g. (6) ). Recent values for ∆Y /∆Z range from 2.5 (7) to 3.5 (8) , which agrees with stellar yield computations assuming a standard Salpeter, Scalo or Kroupa initial mass function (IMF) (9, 10) .
The other (indirect) method exploits the fact that the temperature of main sequence dwarf stars is insensitive to stellar age. The strongest dependences are on Y, Z (which can be determined from spectroscopy) and on the value of the mixing length parameter. The mixing length parameter can be calibrated in stellar models using the Sun and the very thin and narrow red giant branches of globular clusters indicate that other stars have the same mixing length as the Sun. Further, the fact that all globular clusters require the same value for the mixing length parameter supports the supposition that the mixing length parameter does not depend on Z (e.g. (11)). Although rotation may affect the temperature of a main sequence star, its effect is small (12) . Therefore, once the metallicity has been measured, the color and luminosity of the main sequence depends only on the value of Y . Because the isochrone for the Sun is a fixed point (the Y value is adjusted to match the present age and radius of the Sun), the effect of varying ∆Y /∆Z anti-correlates with the broadening of the main sequence stellar values. Here we apply a related method to that employed by (13) and newly available spectroscopic metallicities of stars in the Hipparcos sample to put tighter constraints on the value of ∆Y /∆Z.
This method of determining ∆Y /∆Z has been applied to stars in the solar neighborhood using ground-based parallaxes. (14) found a value ∆Y /∆Z = 5 ± 3, (12) found ∆Y /∆Z > 2. Recently, (13) used the Hipparcos parallaxes, infrared flux temperatures and accurate, spectroscopically determined metallicities for sub-solar metallicity stars. They derived a value ∆Y /∆Z = 3 ± 2.
The sample consists of K dwarfs for which we have accurate Hipparcos parallaxes, accurate spectroscopically determined metallicities, and broad band in filters V and B. Our primary sources of metallicities are G and K dwarfs in (15, 16, 17, 18, 19) . No binaries or suspected binaries were used. The complete list of sample stars is shown in Table 1 .
We only use stars in the absolute magnitude range 5.5 < M V < 7.5. The limit at M V = 5.5 ensures the stars have sufficiently low mass that no significant stellar evolutionary effects have taken place since they arrived on the main sequence; stars more luminous than this limit have begun to evolve off the main sequence, meaning that their luminosities are no longer primarily dependent on Z and Y . Stars fainter than M V = 7.5 are excluded because metallicity determinations for these cooler, lower mass stars are still difficult to perform because of their complex spectra. The B − V colors mainly come from (20) , our own photometry (21) and the Hipparcos catalog.
The absolute magnitude of a star relative to the luminosity of the solar metallicity isochrone at the same B − V color is defined as ∆M V (figure 1). This quantity is tightly correlated with metallicity, as first shown in (21) , as seen in figure 2 .
For a fixed Z, an increase in Y translates into an increase of luminosity and effective temperature due to the increase in molecular weight. On the other hand, an increase in Z produces a dimming and cooling of the star due to the presence of more metals. Although this behav-ior can be understood by using quasi-homology relations which are derived for fully radiative cores (e.g. (12)), it is not useful because dwarfs along the main sequence have rather deep convective envelopes. We have used the stellar evolution code JMSTAR (22, 23, 24) to compute isochrones for 5.5 < M V < 7.5 and 0.4 < B − V < 1.4, or equivalently effective temperatures, 6000 < T eff < 4500. We use of opacities from (25) for high Z stars, because otherwise these stars would be too blue (26) . We used the code to compute stellar tracks on the main sequence for stars with masses 0.6 < M/M ⊙ < 1.2. We have computed isochrones from the above tracks and then converted them from the theoretical (L − T eff ) to the observational plane (M V − (B − V )) using the most recent Kurucz atmospheres models 1 . We use the fiducial solar isochrone (Fig. 1) as our reference point to measure ∆M V for the model stars at a fixed B − V color. The locus of the stars in the ∆M V versus logZ plane shows a correlation between luminosity and metallicity that is consistent with the theoretical stellar evolutionary predictions for isochrones with ∆Y /∆Z = 1, 2 and 4. While the luminosity of the stars is primarily sensitive to metallicity, we also confirm our expectation that the effect of Y is only seen when the metallicity is sufficiently high (Z/Z ⊙ > 0. (13) do, which is to compute Y using the Sun as the anchor point. The results of (13) lead to primordial helium abundance of 0.26 and 0.20 for ∆Y /∆Z = 1 and 4, respectively which are inconsistent with values inferred from HII regions (3, 6, 4, 5) . Even if the primordial value has been enhanced due to the presence of a primordial zero metallicity population with very massive stars (up to 1000 M ⊙ ), the effect will be very small (28) , only about 0.01, which does not affect our conclusions.
The isochrones with ∆Y /∆Z = 4 are not favored by our analysis. To obtain the statistical significance of the best fitting model, we have performed a maximum likelihood fit of the data to the models. Because the errors are Gaussian distributed and uncorrelated, this translates into simple χ 2 statistics. We found the best χ 2 by minimizing the distance of the observational points to the models (Fig. 3) . The reduced χ 2 for ∆Y /∆Z = 2 is 1.2, which indicates that these models are reasonable fit. The probability of this value of χ 2 being the correct model, using the incomplete gamma function of the number of degrees of freedom and the value of χ 2 , is about 20%. We computed 4 models for ∆Y /∆Z = 1, 2, 3 and 4 and fitted a Gaussian to the likelihood, which is a parabola in χ 2 , to these points (Fig. 3) . Both values 1 and 4 are excluded at greater than the 2σ level. The best fit corresponds to ∆Y /∆Z = 2.1 ± 0.4. Which represents a much narrower range than previous studies. The low metallicity part (log 10 Z < −2.4) of the sample can be used to determine the value of primordial helium Y p , because this part is not sensitive to ∆Y /∆Z (Fig. 2) . A maximum likelihood fit produces Y p = 0.24 ± 0.02, which is consistent with our chosen value and those derived from HII regions but with a larger error (3, 6, 4, 5) .
The dominant systematic uncertainty plaguing our analysis can be traced to the inherent assumption of solar-scaled abundances in both the data and theoretical stellar atmospheres. Only a small fraction of the super-solar metallicity K-dwarfs in the solar neighborhood are enhanced in α-elements with respect to iron (29) . The α-enhanced isochrones of (30) demonstrate that for every 0.2 dex increase in [α/Fe] above the scaled-solar ratio, ∆M V increases by ∼0.07 mag. Our sample does not have such a high enhancement; multi-species abundances (16, 17) show a maximum value of 0.05 with an average value of zero, consistent with no enhancement. As such, we assign a conservative systematic error budget on ∆M V of +0.0 −0.02 . On the contrary, low metallicity stars have [α/Fe]∼0.4. For metal-poor stars the effect of alpha enhancement can be accurately approximated by scaling to a higher metallicity the solar-scaled isochrones (13) . The effect this has on an isochrone is to make it cooler but also brighter (since we are measuring ∆M v at a fixed color). These two compensate each other and the net effect is that the points slide along the solar-scaled isochrones of figure 2.
We derive ∆Y /∆Z = 2.1 ± 0.4 at the 68% confidence level. Our ∆Y /∆Z agrees with modern determinations from HII regions (Y p = 0.236) (6, 4, 5) and the helium abundance needed to fit the Sun with its current age and radius (Y ⊙ = 0.275, Z ⊙ = 0.017), which gives ∆Y /∆Z = 2.3. It also agrees with theoretical predictions from stellar yields with standard assumption for the initial mass function (9, 10) , which translates into a upper mass cut-off of 100 M ⊙ for a Salpeter IMF. But, is not consistent with ∆Y /∆Z derived for the Hyades (31), which is < 1. If the Hyades value is confirmed, it will indicate a different evolutionary path in the chemical enrichment in the Milky Way. The difference between a star's luminosity M V and the luminosity of the isochrone at the same color is the quantity ∆M V , which correlates tightly with the stellar metallicity in figure 2. Note that in plotting Hipparcos stars (open symbols), only non-multiple stars with parallax errors smaller than 5% and color errors less than 0.02 magnitudes have been used. There are a small number of stars a few tenths of a magnitude above the main sequence which are likely to be unrecognized binaries. 
